INTRODUCTION
============

Since Brunnings[@B1] first injected paraffin into unilateral vocal fold palsy patients, several injection materials have been developed for vocal fold injection in glottal insufficiency. Duration of injection vocal cord augmentation is one of the most important factors in selection of an injection material. The main purpose of temporary vocal fold injection is to close the laryngeal gap during recovery from unilateral vocal fold paralysis.[@B2],[@B3]

Over the past 10 years, advances in materials science have led to the development of a number of injectables with excellent safety and biomechanical profiles, making it possible to avoid deleterious foreign body and inflammatory reactions caused by paraffin, silicone, and Teflon™.[@B4],[@B5] Popular materials for injection laryngoplasty include hyaluronic acid and artificial bovine collagen. Despite several advantages with these materials, their high cost and the injection of foreign materials which may induce inflammation must be addressed.

With increasing interest in autologous bio-implants in recent years, several materials including fat,[@B6] collagen,[@B7] and fascia[@B8] have been introduced for augmentative injection treatment.[@B9] However, the available autologous materials possess some inherent problems: requirement of anesthesia, donor site morbidity, variable reabsorption time, and difficulty with volume control of acquired tissue.[@B10] Therefore, there is a need for a new autologous material which can be easily acquired, results in low donor morbidity, and exists in a liquid or semi-solid state to allow for easy and accurate injection.

Recently, the use of autologous materials from the blood of individual patients has been discussed at length.[@B11]-[@B15] Autologous materials from a patient\'s blood have been used widely for adhesion prevention, hemostasis, and enhancement of wound healing processes in surgery.[@B16],[@B17] In particular, platelet-poor plasma (plasma gel), also known as fibrin glue, has gained popularity in plastic surgery, orthopedic surgery, oral surgery, and various other fields.[@B18]-[@B21] Despite its popularity, however, injection laryngoplasty using autologous serum or platelet poor plasma had not been reported, prior to the current study.

Therefore, we investigated and report here on the use of autologous plasma gel for injection laryngoplasty to overcome the potential disadvantages of the use of foreign materials and autologous fat or collagen. We standardized the preparation and manufacturing of plasma gel and characterized its physical properties. In addition, the safety and efficacy thereof were evaluated in an animal model and as a phase I/II clinical study.

MATERIALS AND METHODS
=====================

Preparation of plasma gel
-------------------------

An 8.7 mL venous blood sample was drawn under aseptic conditions. The blood was aspirated with a 21 G needle into a 10 mL syringe preloaded with 1.3 mL of anticoagulant citrate dextrose (ACD) solution (in rats: 2 mL venous blood sample mixed with 0.3 mL of ACD). Each blood sample was centrifuged for 15 minutes at 3000 RPM, 72 g, at 4℃, resulting in the following three layers: an inferior layer composed of red cells, an intermediate layer composed of white cells, and a superior layer made up of plasma. The 6 mL plasma layer was centrifuged for another 5 minutes at 1000 g in order to obtain a two-part plasma sample: the upper part consisting of 5.5 mL of platelet-poor plasma (PPP) and the lower part consisting of 0.5 mL of platelet-rich plasma (PRP).[@B22] The PPP was then gently aspirated with a pipette and placed in a sterile injection bottle, being careful not to mix the PPP with PRP.

The injection bottle was attached to a dental syringe and heated at 100℃ for 12 minutes in a heating machine (ALSA S-1, Genexel-Seine, Seoul, Korea). The injectable plasma gel was then ready for use ([Fig. 1](#F1){ref-type="fig"}). An injection needle was attached to the dental syringe, and the plasma gel was injected into the target site.

*In vivo* animal experiment
---------------------------

The present animal study was performed after obtaining approval from the Animal Research Committee, Gyeongsang National University. Thirty Sprague-Dawley rats (Samtako, Osan, Korea) with body weights of over 200 grams were used in the study.

For preparation of the plasma gel, blood was withdrawn from the tail vein after the rats were anesthetized with i.p. injections of xylazine hydrochloride (10 mg/kg) (Rompun, Bayer, Germany) and Zoletile 50 (10 mg/kg) (Virbac Laboratories, Carros, France). The acquired blood was processed to produce plasma gel following the above protocol. Two 0.2 mL subcutaneous injections of plasma gel were given to each animal at intervals of 5 mm along the dorsal area. Animals were examined at weekly to monthly intervals for signs of irritation, ulceration, or inflammation, and the amount of plasma gel remaining *in situ* was measured by electric measurement.

The skin and underlying tissue at the injection sites were removed for analysis at 24 hours (n=3), 30 days (n=3), 90 days (n=3), and 180 days (n=21) post injection. The tissues were dehydrated and processed according to standard paraffin-embedding procedures. Five-micrometer sections were stained with hematoxylin and eosin (H&E) for evaluation of histological changes after injection of plasma gel.

The H&E stained sections were examined for inflammatory cell infiltration according to time of absorption. Inflammatory cells in the subcutaneous space were counted at ×100 magnification from two representative areas (superior and inferior injection sites) for each of the animals. The counts were averaged and used for comparisons.

Phase I/II clinical study
-------------------------

The present clinical study was conducted in patients diagnosed with unilateral vocal cord palsy in the Department of Otolaryngology at Gyeongsang National University Hospital, Korea, between January 2010 and March 2011. Eleven patients (8 males and 3 females) who wished to relieve their voice and aspiration symptoms were enrolled. The mean age of the patients was 53 years (range, 25-80 years). The inclusion criteria were as follows: patients having dysphonia associated with idiopathic unilateral vocal fold palsy (VFS), 4 cases; and patients having mobile vocal folds with glottal insufficiency due to either chest surgery or thyroid surgery, 7 cases. This study was performed after obtaining approval from the Institutional Review Board of Gyeongsang National University Hospital, and all patients provided signed written consent.

Percutaneous injection of plasma gel was performed under local anesthesia by one author (SHW) using the thyrohyoid membrane approach. Through the midline area of the thyroid notch, by penetrating the thyrohyoid membrane, the tip of the needle was exposed at the upper vocal cord. While observing the vocal cord of the patient using a flexible laryngoscope, the prepared plasma gel was injected to the muscle layer of the vocal cord. The injection volume was approximately 1.0 mL. After the procedure, the patient rested in a ward for 2-3 hours, and was discharged on the same day.

Subjective and objective measurement of clinical efficacy
---------------------------------------------------------

The standardized voice handicap index (VHI) before and at the fourth week after injection was used. Three domains (functional, physical, and emotional) are included in the index, and each contains 10 questions requiring patients to indicate how frequently they experienced each situation. Responses to each question were graded from 0 to 4, depending on the perceived degree of handicap.

In addition, a transoral video-stroboscopic examination was performed in all patients before and at 1, 2, and 3 months after injection for structural evaluation. The findings were analyzed and sorted into three categories (disappeared, improved, or no change) by comparing the size of the vocal gap at the follow-up visit with that before the procedure. Acoustic recordings and phonatory function studies were also performed on patients. A voice sample of the patients uttering a sustained vowel sound (\"aaa\") for 3 seconds at a conversational pitch and loudness was acquired. All voice inputs were recorded and sampled with a multidimensional voice program (MDVP) (Model 4500; Kay Elemetrics Corp., Lincoin Park, NJ, USA) for voice analysis. Four MDVP parameters were used in this study: average fundamental frequency (F0), jitter (jitt %), shimmer (shim %), and noise to harmony ratio. The aerodynamic study was conducted with a computerized system (Phonatory Aerodynamic System, Model 6600; Kay Elemetrics Corp.). The maximum phonation time (MPT) during vowel emission was expressed in seconds.

Statistical analysis
--------------------

Data were analyzed using SPSS software, version 15.0 (SPSS Inc., Chicago, IL, USA). The acoustic analysis data before and after injection were compared using a paired Student\'s t-test. Statistically significant differences in VHI before and after injection were determined with the Wilcoxon signed rank test. Null hypotheses of no difference were rejected for *p*-values less than 0.05.

RESULTS
=======

Plasma gel is a homogenous, stable, and easily injectable material
------------------------------------------------------------------

The plasma gel was a semi-solid and easily injectable material which was stable at the injection site ([Fig. 1E](#F1){ref-type="fig"}). The plasma gel was maintained well at the same consistency for over 1 year in a sealed injection bottle; however, when exposed to room air (opened bottle), the plasma gel disappeared within one month ([Fig. 1D and F](#F1){ref-type="fig"}). Under an electron microscope, plasma gel was seen to consist of many same-sized round particles, which represented a consistent and homogenous protein feature ([Fig. 1G](#F1){ref-type="fig"}).

Plasma gel in rats induced minor inflammation and completely dissolved by 6 months
----------------------------------------------------------------------------------

Injection sites in the animals were first graded at 24 hours after injection, and the mean diameter was 13.07±0.4 mm ([Fig. 2](#F2){ref-type="fig"}). The mean diameter was 11.8±0.9 mm at day 30, 8.5±1.35 mm at day 90, and 0.5±0.48 mm at day 180. We found that two (3.3%) injection sites eventually exhibited ulceration and scarring. These rare adverse events, typically occurring 1 month post injection, may be attributed to animal behavior (scratching and biting).

At 1 day post injection, there was no evidence of infiltration of acute inflammatory cells ([Fig. 2](#F2){ref-type="fig"}). At day 30, slight inflammatory cellular infiltration was noted, and a mature fibrous capsule surrounded the plasma gel depot at day 90. Deep dermal cysts, which were lined by flattened epithelial cells, were prominent by 3 months at injection sites in the animals. However, chronic inflammation and foreign body giant cells around the plasma gel depot were absent. At day 180, there was no visible fibrous capsule or cell infiltration.

Plasma gel laryngoplasty effectively enhanced vocal acoustics without any significant complications in patients with unilateral vocal cord paralysis
----------------------------------------------------------------------------------------------------------------------------------------------------

Eleven patients were enrolled in this study; all received a percutaneous plasma gel injection at a site of vocal cord palsy via the thyrohyoid membrane under topical anesthesia. The average volume of injection material was 1.2 mL per vocal fold.

The stroboscopic findings showed that the vocal gap disappeared and the grade of hoarseness improved in all patients ([Table 1](#T1){ref-type="table"}). The preoperative and postoperative acoustic and aerodynamic parameters also improved significantly. A clear and significant improvement was visible for the mean values of jitter % (*p*\<0.001), shimmer % (*p*\<0.001), and MPT (*p*\<0.05). Mean VHI score also showed significant improvement for all domains after injection (*p*\<0.001) ([Fig. 3](#F3){ref-type="fig"}).

Among the video stroboscope findings, vocal cord volume began to decrease gradually after 2 months in most patients. In 3 out of 11 patients, at 2 months after injection, voluntary mobility of the vocal cord was observed ([Table 2](#T2){ref-type="table"}). Meanwhile, in 6 of the 11 patients, hoarseness redeveloped gradually, and voluntary mobility of the vocal cord was absent, thus after 3 months, other artificial materials were re-injected. In the other 2 cases (cases 1 and 9), although vocal fold palsy did not recover, the patients\' symptoms were not severe, and thus the patients were maintained under follow-up observation without undergoing additional treatments. The only complication in this study was a hematoma in the area injected with plasma gel in one patient who was taking anticoagulant agents. However, the hematoma was small and there was no symptom of respiration, so we continued to observe the hematoma in the outpatient department. One month later the hematoma disappeared. In the other patients, no complications related to plasma gel injection were observed.

DISCUSSION
==========

Vocal fold injection for treating glottal insufficiency has gained popularity because of its noninvasiveness, its convenience, and the availability of variety injection materials.[@B1],[@B3],[@B23]-[@B27] However, previously used graft materials were known to result in complications such as foreign body reactions or the formation of granulomas. In addition, although various forms of bovine collagen-based materials have been utilized in temporary vocal fold augmentation, they have not been formally studied or approved by the U.S. Food and Drug Administration (FDA). Thus more convenient, safe, and inexpensive autologous materials are required. If materials from a patient\'s own blood could maintain the vocal cord volume for a certain period, it could be very useful for vocal cord palsy. These clinical needs prompted us to try plasma gel for use in injection laryngoplasty.

Plasma gel was thought to suitable for injection laryngoplasty for several reasons. First, it is prepared from plasma separated from autologous blood, and undesirable immune reactions could therefore be avoided. In addition, after the collection of venous blood, without any pretreatments such as anesthesia or other procedures, the plasma can be processed only by centrifugation and heating. Thus plasma gel could be considered superior to other materials for injection laryngoplasty from the aspect of lessening patient discomfort. Furthermore, plasma gel maintains its gel form through the heat-induced denaturation process, which enables the injection of an accurate amount to a desired site. Although its maintenance period is not sufficiently long in patients with temporary vocal cord palsy, plasma gel could be an effective, safe alternative material for injection laryngoplasty, improving patient quality of life.

In our animal study, we injected plasma gel into the dorsal side of rats, not the vocal cords. The vocal cord of the rat is very small, and thus it would be difficult to observe any foreign body reactions therein. On the dorsal side of the rats, however, we were easily able to observe that the plasma gel did not cause any foreign body reactions after injection.

In our clinical study, 9 out of 11 patients demonstrated very good voice quality after the injection. Two patients were not satisfied with their voice quality (one of the patients was over-injected, and the other was under-injected). Laryngeal stroboscope revealed \"normal\" mucosal vibration at each follow-up visit of the patients with a good voice outcome. Based on the results from 11 patients who completed the follow-up, the augmentation effect lasted 2 to 3 months. Particularly in patients with temporary vocal fold palsy, the injected plasma gel was gradually absorbed, and thus did not hinder the spontaneous natural recovery of vocal cord mobility. However, our study analyzed voice quality for only a short period after injection laryngoplasty and in only a small number of patients, and thus additional studies, involving greater numbers of patients, will be required to evaluate the long-term safety and efficacy of plasma gel, as well as to compare it to other currently available materials and perform cost analysis.

In conclusion, plasma gel is easily prepared from host blood with low donor morbidity. It is also safe, not inducing unfavorable immune reactions, as well as accurately injectable. Thus injection laryngoplasty with autologous plasma gel may be a useful and safe treatment option for temporary vocal cord palsy.
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![(A) Taking a whole blood sample and centrifuging at 3000 RPM for 15 min. (B) The blood was separated into three layers. (C) The platelet-poor serum layer was collected and pipette into sterilized injection bottles. (D) The injection bottle was attached to a dental syringe and heated at 100℃ for 12 minutes. The collected serum finally turned to plasma gel. (E) The plasma gel was a semi-solid and easily injectable material that was stable at the injection site. (F) The plasma gel was maintained over 1 year in the sterilized injection bottle, but exposed to room air, the plasma gel disappeared within 1 month. (G) Electron microscope findings of plasma gel: the plasma gel showed the typical shape of protein structures on an electron microscope.](ymj-54-1516-g001){#F1}

![The findings of injected plasma gel in rats: (A) 24 hours after plasma gel injection. (B) At 1 month. (C) At 3 months. (D) Six months later the injected material nearly disappeared. (E and I) Histological findings of the plasma gel at the subcutaneous layer of rats, 1 day after injection, there was a slight marked cellular infiltration of inflammation cells. (F and J) 1 month later, there was no evidence of infiltration of acute inflammation cells. (G and K) 3 months later, a mature fibrous capsule surrounded the plasma gel deposit. (H and L) There was no visible fibrous capsule or inflammation cell infiltration. Arrow: remnant of the plasma gel (hematoxylin and eosin stain, E-H ×40, I-L ×100). (M) Serial changes of the injected autologous plasma gel at the subcutaneous layer of rats.](ymj-54-1516-g002){#F2}

![Serial changes in injected plasma gel in patients with unilateral vocal palsy. This patient was treated for left vocal cord palsy. (A) Left vocal cord palsy. The vocal cord did not move symmetrically. The vocal cord did not close and the voice was husky. (B) One month after injection, the left vocal cord became straightened, the color was slightly yellow, and the vocal cord closed completely. (C) Three months after injection, the glottis gap was re-developed, but was not wider than pre-injection status. (D-G) Changes in maximum phonation time and vocal acoustics after injection laryngoplasty with plasma gel. NHR, noise to harmony ratio; OP, operation.](ymj-54-1516-g003){#F3}
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Serial Changes in Video Stroboscopic Findings, Phonatory Results, and Perceptual Scores
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MPT, maximum phonation time; NHR, noise to harmony ratio.

^\*^*p*\<0.05.
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Profiles and Outcomes of Patients Who Underwent Plasma Gel Injection Laryngoplasty
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F/U, follow up.

^\*^Spontaneous recovery of vocal fold paralysis.
